A monobromoacetic acid-resistant bacterium, Bacillus strain I37c, was isolated from a marine sediment core. The strain grew in a medium containing 1.8 mg mL −1 of monobromoacetic acid. It produced constitutively a 2-haloacid dehalogenase that catalyzed the dehalogenation of monobromoacetic acid, monochloroacetic acid, and both L-and D-2-chloropropionic acid. The optimal pH and temperature for the activity measured using a partly purified enzyme were similar to those of known group I haloacid dehalogenases.
Halogenated organic compounds are produced industrially in large quantities and their degradation by microorganisms is of great interest when considering bioremediation (4, 10) . Dehalogenase is a collective term for enzymes that catalyze the cleavage of carbon-halogen bonds using various pathways. This cleavage is a key step in the breakdown of many halogenated compounds (13) . The 2-haloacid dehalogenases (HAD) that catalyze the hydrolytic dehalogenation of 2-haloalkanoic acid are the most extensively studied dehalogenases in bacteria (16, 25) . Most 2-HADs are divided into two phylogenetic groups. Group I HADs, with the exception of a few enzymes that can only recognize D-haloacid as a substrate, act on both L-and D-haloacid. In contrast, group II HADs only catalyze the dehalogenation of L-enantiomers.
A number of microorganisms possessing HADs have been isolated from polluted areas where artificial halogenated organic compounds are abundant or soil samples using batch cultures containing halogenated organic compounds as a sole source of carbon and energy (18, 25, 26, 29, 31) . Recent studies show an abundance of haloorganic compounds in the oceans, especially bromoorganic compounds that are produced biologically and abiotically (4, 28) . However, little is known about microorganisms possessing dehalogenases from the sea.
As a first step to determine the ecological function and diversity of dehalogenases in the marine environment, we isolated and characterized a bacterium possessing 2-HAD from a marine sediment core. The candidate bacterium expressing 2-HAD was selected using a medium containing monobromoacetic acid (MBA) that is generally inhibitory for bacteria (20) . MBA-containing media are used for the selection of 2-HAD-cloned Escherichia coli (20) and mutants expressing 2-HAD at higher rates than wild-type bacteria possessing HAD (22) . Further, we report the characterization of a partly purified 2-HAD from the isolate.
A marine sediment core was taken using a 4 m long piston corer from the Wakamiko caldera in Kagoshima Bay located in southern Kyushu, Japan (130°46.028' E, 31°39.887' N) at a depth of 206 m and 3.3 m of sediment was held in the polycarbonate inner-tube of the piston corer during September 2006 for the KAG-01 second core sampling by GBO (Geo Biotechnology Development Organization). The sediment consists of black colored and reduced volcanic debris and ash throughout the core. The mud sample collected from the bottom of the core, which is located 330 cm below the seafloor, was stored at 4°C until inoculated. The base medium described here uses MJ synthetic sea water with 5 mL L −1 of a trace metal solution used for Xanthobacter autotrophicus GJ10 instead of previously described trace mineral solutions (24, 30) . MJ synthetic sea water containing 0.1% (w/v) Tryptone (Difco, Kansas, MO, USA) and Yeast Extract (Difco) is referred to as MJTY medium. To make the MBAcontaining MJTY medium for the isolation of MBA-resistant and candidate 2-HAD-possessing bacteria, MBA solution [30 mg mL −1 MBA, 200 mM HEPES (pH 7.0)] was added to a autoclaved MJTY medium at a final concentration of 0.3 mg mL −1 MBA. At this concentration, wild-type E. coli cannot grow but a recombinant strain producing Pseudmonas sp. YL 2-HAD can (20) . The mud sample from 330 cm below the seafloor was inoculated into screw-capped test tubes (180 by 18 mm) with 5 mL MJTY+mg mL −1 MBA medium and subjected to aerobic incubation at 37°C under static conditions. A MBA-resistant bacterium from a turbid enrichment culture was cloned by plating and the dilution-to-extinction technique (1) .
Genomic DNA from the isolate was prepared using a WiZard Genomic DNA Purification Kit (Promega, Madison, Wisconsin, USA) according to the manufacturer's directions. The 16S rRNA gene was amplified using PCR with the primers Bac27F and 1492R (3, 17) . The sequence obtained was compared to known sequences in the DDBJ using a BLAST search.
Growth conditions for the isolate were tested using the culture conditions described above with shaking (200 rpm) and monitored by measuring the OD at 600 nm with a spectrometer (BioSpec-mini, Shimadzu, Kyoto, Japan). To determine the effects of the concentration of salt on the growth rate, MJTY medium was diluted 20, 40, 60 and 80% with distilled water containing 0.1% (w/v) Tryptone and Yeast Extract (DWTY). To determine the effect of the MBA concentration on the growth rate, the MBA solution was added to a final concentration of 0, 0.3, 0.6, 1.2, 1.8 and 2.4 mg mL −1 MBA.
To prepare a crude extract for the detection of 2-HAD activity and its characterization, cells at the late exponential phase were harvested using centrifugation; washed twice with 25 mM Tris-SO 4 (pH 7.5), 1 mM EDTA and 10% v/v glycerol buffer; and then suspended in the same buffer. Next, 2 mg/ml of lysozyme (Sigma, Steinheim, Germany) was added and the suspended cells were incubated at room temperature for 20 min. After sonication on ice using a UR-20P (Tomy Seiko, Tokyo, Japan), a crude extract was obtained by centrifugation (20 min at 60,000×g).
2-HAD activity was assayed under standard conditions: 100 µg of crude extract or 10 µg of partially purified enzyme protein was placed in 1 mL of 50 mM Glycine-NaOH (pH 9.0), 5 mM monochloroacetic acid (MCA) and incubated at 37°C. The liberation of halides was evaluated using a colorimetric method (2, 32) with a commercial kit (Enkabutsu ion sokute-yo Ecological Kit, Central Kagakuboueki, Tokyo, Japan). Twenty microliters each of the Cl 1 and Cl 2 solutions from the kit were added to 250 µL of reaction mixture. The precipitate of the reaction mixture was removed by centrifugation and the OD at 460 nm of the supernatant was measured using a spectrometer (Ultrospec 2100 pro, GE Healthcare, Wisconsin, USA). One unit of activity was defined as the amount of enzyme that catalyzed the liberation of 1 µmol of halide per min (12) . Biochemical experiments were performed using an enzyme partly purified from cells grown in MJTY medium by chromatography with Hi Trap Q HP (GE Healthcare) and Bio-Gel HTP 16/10 (Bio-Rad Laboratories, Hercules, CA, USA). The specific activity of the partly purified enzyme was about 10 times that of crude extract. The columns were equilibrated in 25 mM Tris-SO4 (pH 7.5) and 1 mM EDTA buffer; and the enzyme was eluted using a gradient of 0 to 1.0 M Na 2 SO 4 in the same buffer (31) . To determine the enzyme's specificity, 5 mM of substrate was added to the standard buffer. The effect of pH on the HAD activity was measured using solutions containing 50 mM MES-NaOH (pH 6, 7), HEPES-NaOH (pH 7, 8, 8.5), Tris-H2SO4 (pH 8, 9) and glycine-NaOH (pH 8.5, 9, 10, 10.5).
A rod-shaped bacterium tolerant of 0.3 mg mL −1 of MBA was isolated from the marine sediment after a few days in a batch enrichment culture. The partial 16S rRNA gene sequence (about 1300 bp, Accession No. AB491211) of strain I37c showed 99% identity with a number of sequences of Bacillus spp. including Bacillus sp. CNJ733 PL04 (Accession No. DQ448746) isolated from the Republic of Palau in marine sediment in the intertidal zone at a depth of 500 m (5). Strain I37c did not grow in DWTY medium (Fig. 1) . Although the strain showed similar growth rates in 20-100% MJTY, the final cell density was higher using the 100% MJTY medium than at lower salt concentrations (Fig. 1) . Bacillus species and other gram-positive bacteria have been isolated from marine sediments including deep-sea sediments (5, 14, 23) . Some of them have been reported to require seawater for growth, suggesting that obligate marine taxa may reside in marine sediments (5, 7, 11, 23, 33) .
MBA at 0.3 and 0.6 mg mL −1 did not inhibit the growth of strain I37c (Fig. 2) ; and no lag phase was detected. A decrease in the growth rate was observed in media containing more than 1.2 mg mL −1 of MBA (Fig. 2) . No growth was observed at 2.4 mg mL −1 of MBA even after 80 h. Wild-type X. autotrophicus GJ10, which expresses HAD at a relatively high level, is not able to grow in a media with 1.3 mg mL −1 of MBA (22) . This shows that strain I37c may have a relatively high level of resistance to MBA. shows the final cell density of strain I37c grown on the MJTY medium containing 0.3 mg mL −1 of MBA.
Crude extracts prepared from strain I37c grown on MJTY medium or MJTY medium with 0.3 mg mL −1 of MBA were assayed for activity with MBA and MCA. The crude extracts showed similar level of activity (380 mU and 320 mU mg −1 of protein with MCA, respectively); and no activity was detected with the pre-incubated (100°C for 5 min) crude extract suggesting that strain I37c constitutively expresses HAD. Similar activity was also detected with MBA. To our knowledge, all previously described HADs are inducible (8, 30, 31) .
The partially purified HAD from I37c catalyzed the production of halides from MBA, MCA, dichloroacetic acid, 2-chloropropionic acid (2-CPA) and 2-chlorobutyric acid ( Table 1) . The enzyme catalyzed both L-and D-2-CPA; and had the same stereoselectivity as the group I HADs. Like other group I HADs, the HAD of strain I37c showed higher level of activity with 2-haloalkanoics possessing shorter carbon chains than longer carbon chains (8, 18) . Significant activity was only detected under alkaline conditions. The optimum reaction pH was estimated to be around 10 when glycine buffers were used. The highest activity level was recorded at 41°C; whereas about 30% activity was detected at 70°C. No activity was measured at 80°C. These characteristic features of pH and temperature are similar to those of previously described group I HADs (19, 26) .
We tried to compare the HAD gene of strain I37c with group I HAD-specific primers designed based on consensus sequences from the dehalogenase genes of four proteobacteria (9) . No amplified product was obtained. Kerr and Marchesi (15) described HAD genes that could not be amplified from 2-2-dichloropropionic acid (dalapon)-degrading bacteria, Bacillus thuringiensis strain AS3 and Bacillus cereus strain AS4, using group I or II-specific primers. This suggests the HAD described here not to be evolutionally related to known HADs; and thus not to share the conserved regions to which the primers anneal. The genetics of this unique HAD require further study.
In conclusion, we found a Bacillus strain that possesses HAD activity in marine sediment using a medium containing MBA. We are planning to apply this method to various marine samples to try and isolate more HAD-possessing bacteria. This will help us to determine the ecological relationship between haloorganic compounds abundant in marine environments (6, 27) and the HADs of marine microorganisms. Fig. 2 . Effect of MBA concentrations on the growth rate of strain I37c. Growth rates were calculated from the slopes of the growth curves (not shown). 
